cohol consumption, and smoking [RII (95% CI) = 1.56 (1.16-2.11)]. However, this association was dramatically reduced (RII reduction: 78.9%) after further adjustment for cognitive hostility (i.e. hostile thoughts) [RII (95% CI) = 1.12 (0.80-1.57)]. Cognitive hostility was the only personality measure remaining associated with mortality after adjustment for depressive mood [RII (95% CI) = 1.97 (1.39-2.77)]. Conclusions: Cognitive hostility may either confound or mediate the association between depressive mood and mortality.
Introduction
Major depression is one of the leading causes of disability worldwide [1] and even subthreshold depressive symptoms, henceforth referred to as depressive mood, are associated with an increased mortality [ 2-7 , but see also ref. [8] [9] [10] [11] . Some personality constructs, such as neuroticism, have been found to be associated with depression [12, 13] and others, such as hostility, with mortality [14] [15] [16] [17] [18] [19] [20] [21] . Therefore, it is possible that personality (i.e. a person's characteristic pattern of behavior, thoughts and feelings) may account for the association between depressive mood and mortality. To address this issue, several measures of personality were selected regarding their putative association with mortality and assessed in the large-scale French GAZEL cohort [22, 23] : type A behavior pattern, hostility, and the six personality types proposed by Grossarth-Maticek and Eysenck [24] [i.e. 'cancer-prone', 'coronary heart disease (CHD)-prone', 'ambivalent', 'healthy', 'rational', and 'antisocial']. Although the type A behavior pattern was found to predict CHD in early studies [25, 26] , subsequent negative results failed to provide compelling evidence linking the type A with mortality and focused attention on hostility as the 'toxic' component of the type A [18, 27] . Hostility was actually found to predict mortality [14] [15] [16] [17] [18] , but null findings have also been reported [28] . Evidence supporting the personality-disease theory developed by Grossarth-Maticek and Eysenck [24] is more limited [19] [20] [21] . Because most of these personality constructs deal with emotional regulation, we expected that at least some of them would be associated with depressive mood.
The present study aimed to test whether depressive mood could predict mortality independently of personality measures. We assumed that if a personality measure explains or partially explains the association between depressive mood and mortality then this association should disappear or be attenuated when controlling for this measure.
Methods

Participants
The GAZEL cohort study was established in 1989 and details of this study are available elsewhere [23] . The target population consisted of employees of the French national gas and electricity companies. At baseline, 20,625 employees (15,011 men aged 40-50, and 5,614 women aged 35-50) gave written informed consent to participate. In 1993, questionnaires were mailed to the 20,488 living members of the GAZEL cohort to assess depressive mood and personality [22] . Scores were interpolated whenever at least 70% of the items were completed.
Depressive Mood
Depressive mood was assessed with the French version of the 20-item Center of Epidemiologic Studies Depression Scale (CES-D) [29, 30] , which has been designed for use in community studies. The CES-D asks participants how often they have experienced specific symptoms during the previous week (e.g. 'I felt depressed', 'I felt everything I did was an effort', 'My sleep was restless'). Responses range from 0 ('hardly ever') to 3 ('most of the time').
Personality Measures
The personality scales used in this study, except for the type A scale, were previously validated in French on 408 randomly selected participants of the GAZEL cohort [22] . The Bortner Type A Rating Scale. The type A behavior pattern (sense of time urgency, covert low self-esteem, and hostility) was assessed with the Bortner Type A Rating Scale [31] . It consists of 14 items each comprising two statements with a graded scale between the two statements (24-point scale in the original version, 6-point scale in the version adapted for the GAZEL cohort). Examples of statements include 'never late' versus 'casual about appointments'. High scores indicate type A. This scale was translated and validated for the French population against the Friedman and Rosenman [25] structured interview for assessing type A, agreement observed 71.5% [32] .
The Buss and Durkee Hostility Inventory. This scale is a measure of general aggression and hostility, composed of 75 items with 'true-false' answers [33] . It has eight subscales, seven of which are designed to measure different components of hostility: assault, verbal aggression, indirect hostility, irritability, negativism, resentment and suspicion. The sum of these subscales leads to a 'total hostility' score ( ␣ = 0.87). Several factor analyses identified two overarching factors, namely 'reactive' (i.e. hostile behaviors, ␣ = 0.78) and 'cognitive' hostility (i.e. hostile thoughts, ␣ = 0.77), formed by the first three subscales and the last two subscales, respectively [22, 34] . The eighth scale, measuring the guilt tendency, does not contribute to the total score.
The Grossarth-Maticek and Eysenck Personal Style Inventory. This scale assesses six personality types with different physical or psychological health liabilities [22, 24] : 'cancer-prone' ( ␣ = 0.54), 'CHD-prone' ( ␣ = 0.79), 'ambivalent' ( ␣ = 0.60), 'healthy' ( ␣ = 0.73), 'rational' ( ␣ = 0.62), and 'antisocial' ( ␣ = 0.57). The inventory is made up of 70 items with 'true-false' answers. Five of the personality scales are measured by 10 items each (sum of the true responses), and one (healthy type) is measured by 20 items (sum of the true responses, divided by 2). Here, we considered only the two personality types with a Cronbach's ␣ coefficient 6 0.70: the 'CHD-prone' personality refers to individuals who show a lack of autonomy and are helplessly dependent in relationships. They experience anger, aggression and arousal when faced with relational problems. These characteristics are thought to lead to the development of cardiovascular problems, such as hypertension and CHD. The 'healthy' personality refers to individuals who exhibit autonomy and consider it to be important for their well-being and happiness. They are able to self-regulate their behavior and are hypothesized to have a disposition towards being healthy as they avoid stress reactions such as those commonly experienced by 'CHD-prone' individuals.
Mortality
Dates of death were available from 1 January 1989 to 31 January 2008. Causes of death were available from 1 January 1989 to 31 December 2005.
Covariates
Age and sex were obtained from employer's human resources files. Education level (primary, lower secondary, higher secondary and tertiary) and behavioral factors in 1993 were selfreported. Alcohol consumption, as drinks per week, was categorized as nondrinkers, occasional drinkers (1-13 for men, 1-6 for women), moderate drinkers (14-27 for men, 7-20 for women) or heavy drinkers ( 6 28 for men, 6 21 for women). 
Statistical Analyses
All statistical analyses were computed with SPSS 16.0.1 software (SPSS Inc.). The association between discrete variables and mortality was estimated with the hazard ratio computed in Cox regressions. Coefficients of correlation were computed to examine the relation between depressive mood and personality measures.
The association between continuous variables and mortality was modeled using the relative index of inequality (RII) computed through Cox regression [18, 35] . The RII is computed by ranking the predictor on a scale from 0 to 1. For a given predictor, each score covers a range on this scale that is proportional to the number of participants who have that score and is given a value on the scale corresponding to the cumulative midpoint of its range. The RII resembles relative risk in that it compares the mortality at the extremes of the predictor but it is estimated using the data on all scores and is weighted to account for the distribution of the personality scores. An RII of 2 indicates a doubling of the risk of mortality for individuals at the extremes of the predictor.
For each personality measure, we first computed the RII of depressive mood adjusting for age and sex and including only participants that completed the personality measure (i.e. model 1). Then we computed the RII of the personality measure adjusting for age and sex and including only participants that completed the CES-D (i.e. model 2). Finally, whenever the personality measure predicted mortality with a p value ! 0.10 in model 2, depressive mood and the personality measure were entered simultaneously, adjusting for age and sex (i.e. model 3). The percentage of change in the RII after mutual adjustment (i.e. model 3) was computed as follows: 100 ! ͉ (RII not adjusted -RII adjusted )/(RII not adjusted -1) ͉ . The whole procedure was repeated with further adjustment for BMI, alcohol consumption, smoking, and education level.
Results
A total of 14,356 (70.2%) members of the GAZEL cohort completed the CES-D and the entire personality inventory and 14,881 (72.8%) completed the CES-D and at least one personality scale. Compared with nonparticipants, participants (10,916 men, mean age = 48.99 years, standard deviation = 2.87, and 3,965 women, mean age = 46.20 years, standard deviation = 4.18) were likely to be male, older, more educated, and to have lower mortality (all p ! 0.005).
During a mean follow-up of 14.8 years, 687 (4.6%) participants had died, including 581 men (5.3%) and 106 women (2.7%). The main cause of death was available only for the 542 participants who died between January 1989 and December 2005: 297 (54.8%) participants died from cancer, 103 (19.0%) from a cardiovascular disease, 84 (15.5%) from another disease, and 58 (10.7%) from an external cause (i.e. suicide or accident).
Self-reported covariates (i.e. education level, BMI, alcohol consumption, and smoking) were available for 12,120 (81%) participants. These participants were likely to be male, older, less depressed, less hostile, and less 'CHD-prone' (all p ^ 0.001).
Regarding sociodemographic and behavioral variables, mortality was predicted by age [687 events/14,881 participants, RII (95% confidence interval, CI) = 2.79 (2.14-3.65), p ! 0.001] and by sex, education level, BMI, alcohol consumption, and smoking ( table 1 ) . Regarding discrete variables with more than 2 classes (i.e. education level, BMI, alcohol consumption, and smoking), their association with mortality did not demonstrate clear linearity (i.e. both p ! 0.05 for linearity and p 1 0.10 for deviation from linearity). Deviation from linearity was particularly obvious for alcohol consumption, both nondrinkers and heavy drinkers showing an increased mortality compared with occasional drinkers ( table 1 ) . Consequently, these discrete variables were considered as nominal covariates in subsequent multivariate analyses.
Regarding psychological variables, mortality was predicted by depressive mood, total and cognitive hostility, and negatively predicted by type A ( table 2 ) . Additionally, there was a trend for an association between mortality and 'CHD-prone' personality (p = 0.054). Depressive mood was positively correlated with type A, hostility scores, and 'CHD-prone' personality, and negatively with 'healthy' personality ( table 3 ) . Depressive mood was also associated with age (r = -0.054, p ! 0. Table 4 displays the associations of depressive mood and personality with mortality before and after adjustment for each other, all models being adjusted for age and sex. Before mutual adjustment, mortality was predicted by depressive mood, total and cognitive hostility, and 'CHD-prone' personality, and inversely predicted by 'healthy' personality. After mutual adjustment, the most important attenuation in the association between depressive mood and mortality was observed for cognitive hostility (RII change: 75.9%). After adjustment for cognitive hostility, depressive mood was no longer significantly associated with mortality. In all other models, depressive mood remained significantly associated with mortality. In contrast, 'CHD-prone' and 'healthy' personalities were no longer significantly associated with mortality after adjustment for depressive mood.
Further adjustment for the self-reported covariates (i.e. education level, BMI, alcohol consumption, and smoking) yielded similar results ( table 5 ) . The attenuation of the association between cognitive hostility and mortality after adjustment for self-reported covariates was 18.9% (15.7% when adjusting for depressive mood).
Regarding sex differences, when adjusting for age, mortality was predicted by depressive mood in men [574 events/10,768 participants, RII (95% CI) = 1. Despite the nearly 15-year follow-up, the analysis was underpowered to allow more specific analyses regarding causes of death. 
Discussion
This study aimed to examine the role of personality in explaining the association between depressive mood and mortality. Reciprocally, the design allowed us to examine the role of depressive mood in explaining the association between personality and mortality. We found that depressive mood predicted mortality even when excluding external causes of death and adjusting for age, sex, education level, BMI, alcohol consumption, and smoking. However, this association was dramatically reduced, and indeed disappeared, after adjustment for cognitive hostility. In contrast, cognitive hostility was the only personality measure that remained significantly associated with mortality when taking into account depressive mood and the whole set of covariates.
These results suggest that the association between depressive mood, such as measured by the CES-D, and subsequent mortality may be either confounded or mediated by cognitive hostility [36] . For instance, cognitive hostility may independently promote depressive mood and increase mortality, thus confounding their association. Alternatively, depressive mood may result in more hostile thoughts that may in turn increase mortality. Although these two hypotheses are not distinguishable on a statistical ground [36] , both may have important implications for epidemiological research and clinical practice. First, the assessment of cognitive hostility should be included in longitudinal studies that examine health outcomes in relation to depressive mood [37] . Second, further studies should test whether targeting cognitive hostility through specific therapeutic interventions may alleviate the poor health outcome associated with depressive mood, not only in healthy subjects, but also in already ill individuals [2] [3] [4] [5] [6] [7] .
The links between hostility and mortality remain poorly understood. Previous studies mainly focused on cardiovascular mortality [14] [15] [16] [17] . For instance, hostility may increase cardiac mortality associated with depressive mood through an increased risk of hypertension [37] . Closer to the construct of cognitive hostility, high levels of 'cynical distrust' may promote atherosclerosis though an increased inflammation [38] . Alternatively, baseline physical status or behavioral variables may explain the association between cognitive hostility and mortality [15, 38] . In the present study, cognitive hostility was assessed in a relatively young and working population, which is likely to contain a lower proportion of ill individuals compared with the general population. Regarding behavioral variables, the attenuation of the association between cognitive hostility and mortality after adjustment for education level, BMI, alcohol consumption, and smoking was marginal. The association between cognitive hostility and mortality is then unlikely to be primarily mediated by these baseline behavioral factors. Additionally, we examined the role of depressive mood in explaining the association between personality and mortality. Multivariate analyses regarding the associations between mortality and personality measures in the GAZEL cohort, without adjustment for depressive mood, have been exposed elsewhere [18] . In the present study, cognitive hostility was the only personality measure that remained associated with mortality after adjustment for depressive mood and the whole set of covariates. These additional results of our study further challenge previous findings linking health with type A [25, 26] or with the personality types proposed by Grossarth-Maticek and Eysenck [19] [20] [21] . Future research addressing the links between personality and mortality should include an assessment of depressive mood.
The following limitations should be considered. First, our study did not cover all personality constructs. Second, the GAZEL cohort is not representative of the general population as it does not include unemployed individuals. For instance, the magnitude of the association between hostility and mortality was found to be higher in relatively young populations, such as the GAZEL cohort [14, 16] . Additionally, the response rate and the profile of the GAZEL cohort members who participated suggest that our study may have overlooked the role of cognitive hostility in those who had higher mortality. Third, given the relatively small number of events in women, our study was underpowered to allow specific analysis in women. It is noteworthy that the negative results in women were not explained by an interaction between sex and depressive mood or cognitive hostility. Fourth, the study was also underpowered to allow specific analyses regarding causes of death. However, cognitive hostility still explained the association between depressive mood and mortality when excluding external causes of death (i.e. suicides or accidents). Finally, a common caveat of most prospective studies addressing the links between psychosocial variables and mortality relates to the implicit assumption that these variables are stable over time. Although personality is considered to be stable through adulthood [39] , life events may promote high levels of cognitive hostility, as illustrated by the clinical concept of 'posttraumatic embitterment disorder' [40] . Depressive mood is even more likely to encompass both state and trait components, which may be differentially linked to mortality. Additionally, depressive mood is only one feature of major depression [41] and its self-report measure by the CES-D is insufficient to decide therapeutic interventions. Although attenuated and chronic forms of depression, such as dysthymia, have been associated with poor health outcome [42] , major depression, which requires a clinical diagnosis, may be linked to mortality through other mechanisms than depressive mood and cognitive hostility.
In summary, this study suggests that cognitive hostility may either confound or mediate the association between depressive mood and mortality. Further studies should explore the underlying mechanisms linking cognitive hostility, depressive mood and mortality in a biopsychosocial perspective [43] . A particular focus on modifiable mechanisms is warranted, as prevention and therapeutic strategies should address the processes through which personality is associated with health rather than personality per se.
